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ABSTRACT 
Rapid increase in poultry production has occurred in South Brazil, due to the development of 
vertically integrated production systems. Environmental degradation has become a major 
concern because of the excessive amounts of animal wastes produced by the poultry industry, 
in combination with intensive pig production in the same region. Previous studies examined 
some of the environmental impacts and identified that the lack of appropriate waste treatment 
systems and limited availability of cropland, has forced farmers to dispose of large quantities 
of manure onto small areas, causing nutrient surpluses and pollution of ground and surface 
water. Offensive odours, dust, and an increase in blackflies (Simulium sp) population are also 
causing concern. However none of the past studies focused on quantification of the 
environmental impact at the global level and this is the first study using Life Cycle 
Assessment (LCA) to examine the impact of poultry production. The study selected nine 
impact categories and concluded that the environmental hotspots in poultry production are 
methane, carbon dioxide and nitrous oxides emissions, which are important contributors to 
greenhouse gases, as well as eutrophication from the release of phosphate and nitrogen, as 
well as acidification from nitrates. There is an adverse effect on ecosystem quality from the 
use of pesticides in the production of soybeans and maize, the major components of poultry 
rations. Other important environmental burdens flow from the use of fossil fuels for transport 
of materials and animals, and in processing. Some alternatives for minimising the 
environmental impact of poultry production are discussed. 
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1. INTRODUCTION 
 
Estimating the environmental impact of intensive livestock production has attracted widespread interest in many 
countries. During a recent electronic conference conducted by FAO, several papers on integrated management of waste 
stressed that environmental risks are magnified as a result of intensification of livestock production in which wastes are 
disposed inappropriately, directly discharged to surface water systems [1]. The poultry industry in Santa Catarina State 
(SC) South of Brazil (Figure 1) is undergoing major changes, with a trend towards concentration of production on large, 
specialised farms. The full consequences of this process are still unknown but it is clear that poultry production in a 
Vertically Integrated Production System (VIPS) by large-scale producers is displacing thousands of small farmers, 
 2 
concentrating production geographically, and causing environmental concerns. From technical and economic 
perspectives, this move is attractive, as the industries can improve their competitive position in global markets but, as a 
consequence of the concentration in the industry, environmental degradation has become a major problem. In addition to 
the excessive amount of animal waste produced by chickens, the large amount pig production in the same region and the 
lack of suitable land for cropping has forced farmers to use and dispose large quantities of manure onto small areas. 
Previous studies reported only community concerns with locally felt impacts such as water quality, odours, flies and 
blackflies and indicated that the amount of waste produced in many parts of the region was beyond the assimilation 
capacity of the local environment [2, 3]. 
This study sought to quantify the environmental impact of poultry production using Life Cycle Assessment (LCA). 
Initially, some background information on the poultry industry in SC is presented, focusing on the important changes in 
this industry over the recent decades and the great challenges it faces in regard to its sustainability. The results of the 
LCA study are presented and analysed to identify hotspots in terms of environmental impact caused by poultry 
production. Finally, some alternatives for improved waste management systems are discussed. 
2. BACKGROUND 
 
The State of SC is the largest poultry-producing region in Brazil. Despite accounting for only 1.1% of the country’s 8.54 
million km
2
 area, this small state was responsible for 22% of Brazil’s total poultry production in 2001. Figure 1 shows a 
map of SC State in Brazil and the municipalities that have the largest poultry production. SC has 293 municipalities, and 
the 5 largest poultry production municipalities (represented by dark shading in Figure 1) are responsible for 21% of the 
total production in the State. 
 
Figure 1 – A map of SC State, Brazil and the location of the main poultry producing municipalities 
 
In the year 2000, there were approximately 9,000 poultry farmers operating in SC, an increase of 113% over 1985 [4]. 
Poultry production in Brazil in 2001 reached 6.6 million tonnes of carcass and exports 1.25 million tonnes, to which SC 
contributed 1.45 and 0.750 million tonnes respectively. For the year 2002, with production predicted to reach 7.2 
million tonnes, forecasts indicate that the amount of poultry production will be more than beef, for the first in history, 
despite Brazil having the largest commercial beef herd in the world. This was expected to happen in 2005, but with 
recent opportunities to increase exports, poultry production responded rapidly [5]. Table 1 shows the statistics for 
poultry production, domestic and regional consumption and exports from 1996 to 2001, as well as SC’s share of national 
production. 
Poultry production in SC is of high quality and very competitive in world markets, reflected by the high proportion of 
production that is exported (53%). Brazil is currently the second largest producer and exporter of poultry meat in the 
world accounting for 12.5%. In 2001, exports increased by 56% over 2000, going mostly to European, Asian and the 
Middle East countries [5]. The activity is as key factor in the State's socio-economic prosperity, since it contributes 22% 
of the gross value of agricultural production in the State. The mad-cow and the foot-and-mouth disease outbreaks in 
Europe contributed significantly to expansion of Brazilian exports of poultry. 
From technical and economic perspectives, these changes have been beneficial for the industry which has improved its 
competitive position in global markets. However, local communities are now sensitive to the environmental burden 
caused by the intensive development of livestock production. Some of the recent technological improvements achieved 
in the poultry industry in SC show, for example, that feed conversion has improved by 15.5% between 1985 and 1998 
and age to slaughter has been reduced from 48 to 37 days. 
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Table 1.  Production of poultry in Brazil and SC-1996 to 2001 and estimates for 2002 
Year Brazil (‘000 tonnes of carcass) Santa Catarina State (‘000 tonnes of carcass) 
Production 
 
Domestic 
consump-
tion 
Exports Production 
 
Regional  
consump-
tion 
Exports SC - % of 
Brazil’s 
production 
1996 
1997 
1998 
1999 
2000 
2001 
2002* 
4051 
4462 
4500 
5200 
5560 
6600 
7200 
3481 
3810 
3865 
4440 
4760 
5345 
5745 
569 
649 
612 
750 
800 
1250 
1440 
762 
900 
927 
1010 
1150 
1452 
1620 
154 
168 
180 
180 
180 
n.a. 
n.a. 
398 
501 
500 
600 
640 
750 
864 
18.8 
20.2 
20.6 
19.4 
20.7 
22.0 
22.5 
Source: Adapted from Instituto Icepa (2000a) and Icepa (2001).      * Estimates. 
 
3. LIFE CYCLE ASSESSMENT 
 
LCA is an accounting system used to calculate and analyse the environmental burdens associated with the production, 
use and disposal products and services. It can assist in identifying the most significant eco burdens and indicate the areas 
in which the most cost effective improvements can be made [6].  This LCA study was conducted using the Simapro5 
software [7]. Published data were collected from available sources as well as from the standard databases available in 
Simapro5. The boundaries of the system under study were defined to include all activities and processes involved in the 
production and supply of inputs, the production of poultry at the farms, and its delivery to the gate of the abattoir. 
The LCA study consists of four major steps:  
 Definition of goal and scope;  
 Life Cycle Inventory Analysis;   
 Life Cycle Impact Assessment (which is subdivided into three sub-steps: classification/characterisation, 
normalization, and weighting); 
 Interpretation. 
Interpretation is made in all steps of the LCA study, as shown in Figure 2 below. 
 
Figure 2 - General framework for life cycle assessment.  Source: Brentrup [8 p.222] 
3.1  Steps for Life Cycle Assessment of poultry production 
 
In this LCA study, the “cradle-to-gate” approach was used, in which the boundaries for the LCA included all inputs and 
use of natural resources through the operations of production and delivery to the gate of the abattoir of 1 tonne of live-
Goal definition and 
scoping 
Life cycle inventory 
Impact assessment 
Interpretation 
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weight (LW) of animals (chickens), as well as the disposal of wastes. The results for the characterisation of impacts in 
the LCA are shown in Table 2. The impact assessment method used was the Eco-indicator 95-e (Goedkoop 1995). 
According to ISO, 2000 [9] and Grant et al., 2001 [10] Life Cycle Impact Assessment (LCIA), has several mandatory 
elements: (a) Selection of impact categories; (b) assignment of LCI results (classification); and (c) calculation of 
category indicator results (characterisation). The optional elements of LCIA are normalisation, grouping, weighting, and 
data quality analysis.  
3.1.1  Goal and scope 
 
The goals of the study were: 
1. To identify, quantify, and compare the parameters that have the largest environmental impact (hot-spots) in 
poultry production in SC; and 
2. To identify opportunities for improvement in the poultry industry’s environmental performance. 
3.1.2 Description of the poultry production system in SC 
 
The poultry production analysed is part of the VIPS (responsible for 96% of production in SC) and therefore the most 
common or typical process used in the production of poultry in this State (Figure 3). In this system, the contracting meat 
processing firms supply most of the inputs, such as ration, chicks, veterinary products and chemicals. The farmer 
supplies housing, water, gas, electricity, and care and management of the chickens. 
Figure 3: The main life cycle of poultry production and the LCA system boundary 
3.1.3 System boundaries 
 
The boundaries for this study included the production of poultry at the farm level, the production of maize and soybean, 
and the transportation and processing of these materials into ration. It also includes the transportation of these inputs to 
the farms and the transportation of chickens to the abattoirs. The disposal of waste (manure) from poultry production is 
included as well (Figure 4). Animal slaughtering and processing of meat, and stages that happen thereafter, were not 
included in this study. 
The VIPS 
system 
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The main components of the production cycle, and the system’s boundaries, are depicted in Figure 4.  For this LCA 
study, the shaded area represents components included within the system boundary. It is important to note that, in Brazil, 
the main source of grain for poultry feed is maize and soybeans. 
Figure 4 – System boundaries for poultry production 
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3.1.4 Functional (or reference) Unit 
 
The Functional Unit (FU) under examination in this study was defined as “the production of 1 tonne of live-weight of 
chickens delivered to the abattoir”.  The justification for selecting this FU was that chickens are transported live to the 
abattoirs and 1 tonne is a convenient and easily understood measure. 
3.1.5 Life Cycle Impact Assessment Model 
 
Life Cycle Impact Assessment (LCIA) deals with the environmental impact associated with the inputs and outputs 
identified and quantified in the inventory analysis, such as resource depletion, pollution, and degradation of ecosystems 
and landscape [11].  Several LCIA methods have been developed, published, and made available through software such 
as SimaPro (see for example [12-14]. For this study, the Eco-indicator 95 approach [13] has been chosen. This method 
is well documented and widely used in LCA studies. 
3.1.6 Selection of impact categories 
 
For this study, the selected environmental impact categories are shown in Table 2. LCA practitioners are still holding 
lengthy discussions about the best methods for the establishment of impact categories. However, given the broad range 
of impacts and the variable levels of them, selecting the most important categories is balanced against the need to 
explore the ones that are worthy of assessment.  In principle, LCA includes assessment of the products' contribution to 
all types of environmental impact and use of resources but a more limited range of impacts may be considered in 
practice. A set of default impact categories for LCIA, and their spatial scope and focal point, were suggested by Udo de 
Haes, (1996) cited in Olsen et al. [15]. 
Four additional impact categories, not listed in Table 2 (land use, blackflies/flies, faecal coliform bacteria and offensive 
odours), were identified as key issues (hot spots) for threatening sustainability by the poultry industry stakeholder survey 
conducted by the authors in 2001[16]. The most common problems were associated with soil erosion, loss of 
biodiversity, reduced quality of life, contamination of water, and health problems. They are not properly quantified in 
the current LCA methodology or in the eco-indicator 95 characterisation method. 
 
Table 2.  Description of impact categories 
Impact category Unit Major contributors Nature of damage 
Greenhouse gases kg CO2 eq CO2 eq, N2O methane Climate change 
Ozone layer Kg CFC11 CFCs, Hallon, HCFC Climate change, health problems 
Acidification-on kg SO2 kg SO2 SOx, NOx, HCl, NH4 
Eutrophication kg PO4 eq NOx, PO4, NO3
- Algal blooms, ecosystem damage 
Heavy metals Kg Pb Metal, Mn, Pb, Ni, Sb, Mo, Hg Health, ecosystem damage 
Carcinogens Kg B(a) Metals, Cr, Ni Cancer 
Pesticides kg a.i. Pesticides for soybean maize  Ecotoxicity 
Energy resources MJ LHV Hydro, coal, gas and oil reserves  Depletion of energy resources 
Solid waste emission kg All solid wastes, BOD5/COD Loss of bio-diversity in water streams 
3.1.7 Characterisation factors 
 
The characterisation step is concerned with the assignment of inventory results to impact categories. The inventory 
results are grouped and aggregated according to the different impact categories identified in the previous step. This 
provides a better understanding of the extent to which each substance contributes to each impact category.  The 
categorisation factors considered appropriate for the assessment of the poultry industry in SC were mostly taken from 
the Eco-indicator 95 list [7]. For water use, greenhouse gases, acidification, eutrophication, and energy, the 
characterization factors are similar to those used by Renouf [17], Grant et al. [18], and Cederberg [19] in other 
agricultural LCA studies (Table 3). 
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Table 3.  Characterisation factors used to bring different emissions to equivalent values 
Impact category Unit Substance  Factor 
Solid waste emission Kg Industrial waste 
Manure (animal) 
Mineral waste 
1 
1 
1 
Water use K-litre Water 1 
Eutrophication Kg PO4 eq 
 
 
 
Phosphates (PO4)  (air and water) 
P or P-tot  (air, water) 
Ammonia (NH3) (water) 
Nitrates (HNO3) (air/water) 
Kjeldahl-N 
N-tot (water) 
NH4 (water) 
BOD (kg) (water) 
COD (kg) (water) 
1 
3.06 
0.33 
0.1 
0.42 
0.42 
0.33 
0.11 
0.022 
Energy resources MJ 
LHV 
Barrage water 
Energy from hydropower 
Coal 29.3 MJ/Kg (kg) 
Crude oil (kg) 
Natural Gas (kg) 
Energy from wood (MJ) 
Methane (Kg) 
0.01 
1 
29.3 
41.0 
30.3 
1.0 
35.9 
Greenhouse gases Kg CO2 eq Carbon dioxide (CO2) 
Nitrous oxide (N2O) 
Methane (CH4) 
1 
270 
21 
Acidification Kg SO2 Sulphur oxides (SOx) (SO2) 
Sulphur dioxide (SO2) 
Nitrogen oxides (NOx ) (as NO2)  
Hydrogen chloride (HCl) 
Hydrogen fluoride (HF)  
Ammonia (NH4) (kg) 
1 
1 
0.7 
0.88 
1.6 
1.88 
Pesticides Kg of active 
subst. 
Atrazine, Glyphosate, Simazine 
Other pesticides (to water) 
1 
1 
Source: Modified from Brentrup et al [8] 
3.2 Results of the LCA and discussion 
3.2.1 Impact assessment model of poultry production 
 
Figure 5 shows the impact assessment model for the production of poultry in SC, under the VIPS in its most aggregated 
form. The model shows that 63% of the total impact flows from the production of 1880 kg of ration needed for 1 FU. 
Another process that makes a high contribution is transportation, which counts for 15% of the impact. 
 
Figure 5. Impact assessment model for poultry production in SC 
Note: LW = live weight 
1 tonne of LW 
poultry in SC 
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3.2.2 Impact assessment model of ration for poultry production 
 
Expanding the ration production process reveals that soymeal production counts for 48% of the total impact caused by 
the production of 1 kg of ration for poultry. Other main contributions come from maize production, nucleus and 
transportation, as shown in Figure 6 below. These processes were not expanded in this model. 
 
 
Figure 6. Impact assessment model of ration for poultry production in SC 
3.2.3 Characterization of the impacts 
 
All characterisation results for poultry production in SC are shown in Table 4 and Figure 7. All effects are scaled to 100 
percent, with each column revealing the impact allocated to the main processes and materials used in the production of 
poultry meat. For instance, the production of 1 tonne of LW of chickens and its delivery to the abattoir generates 
greenhouse gases equivalent to 1780 kg of CO2. The analysis does not show which processes have the greatest overall 
impact. This would be possible if the data were normalised, but given the lack of data from SC, this step was not 
performed in this LCA study. 
It is interesting to note that the results show some negative contributions from some elements. This is due to credits 
allowed for the use of manure as fertiliser on crops and pastures, which, in turn, reduces the need for the mining and 
production of chemical fertilisers. 
 
Table 4: Characterisation of environmental impact from the production of 1 tonne of live weight of poultry in 
SC, delivered to the abattoir. Method: Eco-indicator 95. 
Impact category 
 
Unit 
(equivalent) 
Poultry 
Produc- 
tion 
Ration for 
poultry 
 
Veterinary 
products 
for poultry 
Treated 
poultry 
litter 
LPG for 
heating 
 
Electricity 
SC LV 
 
Transport 
Ration + 
chickens 
Fertilisers 
avoided by 
manure 
Total 
 
 
Greenhouse kg CO2 7.08 1600.00 27.70 1.24 12.20 10.50 267.00 -141.00 1784.72 
Ozone layer kg CFC11 - 0.000370 1.88E-06 9.750E-06 - - - -0.0000117 0.000370 
Acidification kg SO2 0.0545 12.8000 0.2080 8.1100 0.0386 0.0623 3.9400 -1.5700 23.64 
Eutrophication kg PO4 1.3700 13.1000 0.0183 4.0700 0.0045 0.0058 0.6420 -3.2200 15.99 
Heavy metals kg Pb - 1.140E-02 2.510E-05 2.490E-05 6.050E-06 8.0500E-06 2.4400E-04 -4.070E-03 0.007638 
Carcinogens kg B(a)P - 9.120E-06 1.7100E-07 6.360E-08 1.660E-09 6.5500E-08 3.5200E-07 -1.050E-06 8.72E-06 
Pesticides kg act. subst - 1.64 - - - - - - 1.64 
Energy resources MJ LHV 5020.0 13300.0 179.0 0.22 855.0 76.7 3480.0 -1160.0 21750.92 
Solid waste kg 7.08 28.30 0.02370 - 0.07130 0.00002 0.11900 -3.03000 25.48 
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Figure 7. Characterization of impacts of poultry production in SC. Method: eco-indicator 95 
4. SUMMARY AND CONCLUSION 
 
The results of this study showed that the main impacts were greenhouse gases in the form of carbon dioxide, methane 
and nitrous oxide; eutrophication from nutrients, particularly phosphate and nitrogen; and acidification; and pesticides 
used in soybean and maize production.  Poultry production has significant impact due to production of ration which 
requires 34% of soymeal which is a product derived from the production of soybeans and extraction of oil. These 
processes require high quantities of pesticides and energy. In fact, the production of feed rations for poultry and their 
transportation causes the greatest environmental impact across all categories, except for acidification. This includes the 
production of maize and soybeans as well as its transportation and processing, which requires significant amounts of 
energy from fossil fuels. This is one of the implications of the VIPS, in which the ration is produced in factories instead 
of at the farms, thus requiring more energy for transportation. The use of manure as fertiliser reduces the need to 
produce inorganic fertilisers and therefore provides an environmental credit in the LCA. 
4.1 Opportunities for improvement 
 
The LCA study was able to quantify the flows of materials and energy and to establish the environmental burdens from 
poultry production. However there are other problems, such as land use, blackflies, flies, offensive odours, and faecal 
coliform contaminants that have not been quantified in this LCA. These factors were considered important issues by the 
stakeholders in the survey conducted at an early stage in this study and raised again in focus group meetings. They need 
to be taken into consideration when overall industry sustainability is assessed. For local communities, the contribution of 
the poultry industry to global warming may not be an important issue, but the nuisance caused by offensive odours or 
blackflies could be a much more important problem. This justifies the use of a comprehensive methodology that can 
incorporate social, economic, and environmental issues when assessing the industry’s overall performance and 
sustainability. 
To improve the poultry industry’s environmental performance, better waste management systems are required. These 
may include processing the poultry litter into by-products or fertilisers that can be transported to other agricultural areas 
in the country, particularly to the areas where the maize and soybeans used in the poultry ration are produced. The 
amount of waste disposed in the region must fall within the limits set by the assimilation capacity of the local 
environment, and all other sources of animal waste must be taken into consideration. The use of more locally produced 
grain for feed would also be desirable, as less transportation would be required. The cultivation of soybeans and maize 
in sustainable systems, with the reduction of chemical fertilisers and pesticides that this entails would also contribute to 
reduce the environmental impact of poultry production in SC. 
1784 kg 
CO2 eq 
0.000370 
kg CFC11 
23.7    
kg SO2 
16 kg PO4 
0.00763 
Kg Pb 
8.72E-6 
kg B(a)P 
1.64 Kg 
act. subst. 21751 MJ 25.5 kg 
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